When cestrogens are given to women with postmenopausal osteoporosis, patients usually report relief of pain in approximately three weeks. Before that time, positive calcium and phosphate balances are achieved, urinary calcium excretion falls, but in most cases fecal calcium excretion is not changed. Fractures no longer appear on longterm administration of oestrogens. In 220 women treated for 1,200 patient-years since 1948, biennial rontgen examination has disclosed no further vertebral fractures and semi-annual physical examination has shown no further loss of height, although fractures and loss of height were prominent features of the disease before treatment. Androgens produce similar effects on calcium and phosphate balance, but we have no data on longterm administration of these compounds to women because of their undesirable masculinizing qualities.
In attempting to ascertain the efficacy of various treatments proposed for osteoporosis, it is apparent that the subjective relief of pain is not a valid end-point since it can be obtained with inert placebos (Solomon et al. 1960) . Balance studies are tedious, fraught with error, and difficult to perform in series of patients large enough for statistical analysis. Absence of fractures and maintenance of height take years and large numbers of patients to establish; otherwise, these criteria would be the most useful and convincing.
Tracer techniques make possible short-term evaluation of the ability of a compound to produce positive calcium balance. In addition, they demonstrate the mechanism by which positive balance is achieved: increased anabolism or decreased catabolism. Similarly, these kinetic methods make possible the prediction whether a corticoid will produce calcium loss, and presumably osteoporosis, as well as indicating the mechanism by which this loss is produced. While radioactive tracers have the advantage that they can be counted externally and analysed in blood and urine for very long periods of time, the use of non-radioactive tracers seemed more suitable for our purposes. These compounds can be administered repeatedly to large numbers of young, healthy persons without the hazards of radioactivity. It is therefore feasible to obtain statistically adequate data on normality, reproducibility, and the effect of various disease states, as well as to test the efficacy and mode of action of various steroids. For these purposes we have used stable strontium intravenously, following the lead of Fraser et al. (1960) but using the modifications and mathematical analysis of Eisenberg & Gordan (1961) . Stable strontium is analysed flame spectrophotometrically at 461 m,u in a Beckman flame photometer with reversed acetylene and oxygen attachments to the sprayer burner; this is Mac-Intyre's (1957) method as modified by Loken, Teal & Eisenberg (1963) . Serum and urine calcium and strontium levels are determined every twentyfour hours for four to six days. After thirty hours, equilibration has occurred and subsequently serum and urine levels decline as a monoexponential function because of excretion and deposition in bone. The slope of the serum clearance curve gives us the rate of 'turnover'. Dividing the serum value at zero time into the administered dose (corrected for loss during equilibrium) gives the theoretical volume of distribution or rapidly miscible pool. The bone deposition or accretion rate is calculated as the difference between the total turnover rate and the rate of urinary excretion. The bone deposition rate is overestimated by approximately 9-16 % because frcal excretion 1028 Proceedings of the Royal Society ofMedicine (1961) is ignored. It does not, however, affect comparison between groups (in the absence of diarrhoea), or before and after steroid treatment.
In normal subjects, the pool size is approximately 40 1. (Table 1 ). Since each litre of serum contains 5 milliequivalents (100 mg) of calcium, the rapidly exchangeable calcium is approximately only 200 mEq or 4 grams, compared to the much larger volume of about 1,000 g of calcium in the deep osteons of the skeleton. Normally, 10 litres or 1 gram is deposited in the skeleton daily, a rather sluggish rate. Athletes (the San Quentin penitentiary football team) have larger pools and deposit 50% more calcium in their bones every day. Kinetically, two kinds of osteoporosis are recognized: one with small pools and low bone accretion rates and another in which pools are expanded and accretion is rapid. The type with low rates is found in Cushing's disease and, to a lesser degree, in postmenopausal osteoporosis. Correction for body size or surface area does not abolish the significant difference between these low rates and those of normal subjects. The rapid bone accretion rates of thyrotoxicosis and of acromegaly can only mean that the osteopenia or reduced bone volume when present in these conditions must be due to excessive breakdown or resorption. Unfortunately, no direct measure of resorption is available.
The low values for bone accretion in postmenopausal osteoporosis require some comment since Heaney & Whedon (1958), Fraser et al. (1960) and Nordin (1959) found no difference between these rates in osteoporotic and normal subjects. Curiously, the discrepancy lies not with the values in osteoporosis but in normal subjects. This is in part explained by insufficient comparable normal controls (Heaney & Whedon 1958) or a different method of calculation (Fraser et al. 1960 ). In fact, Nordin's values obtained in normal young people are similar to our normal values as are those compiled from various sources by Bauer and his associates (Bauer et al. 1958 ). It is unfortunate that different unitage, inclusion of the 'mixing portion' of the serum curve, and different criteria for osteoporosis make comparison of various reported data difficult. Taking these factors into account, it appears that the low rate of bone accretion we have found characterizes far advanced postmenopausal osteoporosis. Naturally, only cases of undoubted osteoporosis were used for our early studies. In these, bone volume is certainly reduced by more than 40 or 50%, as judged by radiolucency of the skeleton. Yet the bone accretion rate is reduced by only one-third, suggesting that what bone is left is turning over more rapidly than normal. The low bone accretion rate cannot be taken to confirm Albright's hypothesis that postmenopausal osteoporosis is due to decreased bone formation. We shall show later that the end-result of naturally occurring endogenous corticoid excess (Cushing's disease) is an even greater decrease in bone formation than is found in postmenopausal osteoporosis although the primary effect of corticoids is not to reduce bone formation. The effects of administration of so-called 'anabolic' agents, cestrogens, androgens and synthetic derivatives, are shown in Table 2 . In all cases, these were administered to women with postmenopausal osteoporosis for three to six weeks after base-line data had been obtained. The figures reported are the difference between the data after treatment and those before, a plus sign (+) indicating an increase during treatment, and a minus (-) a decrease. No consistent or significant decrease is observed in pool size during treatment. If the agents were truly 'anabolic' and new bone were being formed, one would expect more of the tracer to be diverted to the skeleton. In fact, the bone deposition rate does not rise but falls in every case.
There is also a fall in the rate of urinary excretion of the bone-seeking tracer. Whether this effect is exerted at the level of the osteoclast or the renal tubule is under investigation. In any event, it is apparent that these agents exert their effects not by stimulating anabolism but by reducing osteolysis so that they should properly be characterized as 'anticatabolic'. Growth hormone, by contrast, is anabolic; it increases the bone accretion rate by 50%. It also increases urinary excretion, as has been well shown previously. Table 3 shows the effects of various corticoids administered to normal volunteers. Again, there is no consistent effect on pool size. That the agents are not primarily 'antianabolic' is shown by the fact that the bone accretion rate does not fall but actually rises. This is probably compensatory to the primary catabolic effect shown in the increased urinary excretion of the bone-seeking tracer. We have screened a rather large number of new experimental corticoids in hope of finding one devoid of the calcium-wasting propensity. Presumably, such a compound would be less likely to cause osteoporosis than agents now available. One di-fluorinated compound, 6-a-fluorotriamcinolone, havingroughly twice the anti-inflammatory activity of prednisone or triamcinolone, has significantly less of the undesirable calciumwasting effect than any other corticoid we have tested. Because of its potential importance, this compound has been tested further, compared with other corticoids, and ftecal excretion determined. Corticoid effects on faecal excretion of the strontium tracer were variable, increasing it in some subjects but not decreasing it in any. Changes in stool excretion of tracer after 6-afluorotriamcinolone treatment were similar to those seen with other corticoids. The 6-a-fluorine configuration alone is not enough to prevent calcium wasting, for 6-a-fluoroprednisolone is as potent a calcium loser as any corticoid thus far tested.
We believe that kinetic techniques can be used to ascertain whether steroids possess anticatabolic activity and therefore are rational for use in the treatment of osteoporosis; to show in relatively short order the adverse effect ofcorticoids on the bone; and hopefully, to find corticoids devoid of this undesirable action. Correlation with long-term observation is necessary to ascertain whether the short-term kinetic data do, in fact, accurately predict these actions. Such information is available in the case of cestrogens, which do prevent further fractures in women with postmenopausal osteoporosis. Similar studies with the promising corticoid are now in progress.
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